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[571 ABSTRACT 
Systems are described for using multiple closely-packed 
spheres. In one system for passing fluid, a multiplicity of 
spheres lie within a container, with all of the spheres 
having the same outside diameter and with the spheres 
being closely nested in one another to create multiple 
interstitial passages of a known size and configuration 
and smooth walls. The container has an inlet and outlet 
for passing fluid through the interstitial passages formed 
between the nested spheres. The small interstitial pas- 
sages can be used to filter out material, especially bio- 
logical material such as cells in a fluid, where the cells 
can be easily destroyed if passed across sharp edges. 
The outer surface of the spheres can contain a material 
that absorbs a constitutent in the flowing fluid, such as 
a particular contamination gas, or can contain a catalyst 
to chemically react the fluid passing therethrough, the 
use of multiple small spheres assuring a large area of 
contact of these surfaces of the spheres with the fluid. In 
a system for storing and releasing a fluid such as hydro- 
gen as a fuel, the spheres can include a hollow shell 
containing the fluid to be stored, and located within a 
compressable container that can be compressed to break 
the shells and release the stored fluid. 
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FIG. 2 is a view of a portion of the apparatus of FIG. 
FIG. 3 is a sectional view of a spherical element 
constructed in accordance with the present invention, 
FIG. 4 is a sectional view of a fluid passing apparatus 
constructed in accordance with another embodiment of 
the invention. 
FIG. 5 is a partially sectional and partially side eleva- 
10 tion view of a storage and retrieval apparatus con- 
structed in accordance with another embodiment of the 
invention. 
FIG. 6 is a sectional view of a portion of the appara- 
SPHERE BASED FLUID SYSTEMS 1. 
ORIGIN OF THE INVENTION 
formance of work under a NASA contract, and is sub- 
ject to the provisions of public L~~ 96-517 (35 usc 
202) in which the Contractor has elected to retain title. 
BACKGROUND OF THE INVENTION 
numerous 
passageways of closely controlled size and configura- 
tion is useful in a variety of applications, including the 
filtering of particles from a fluid and the contact of a 15 tus of FIG. 5. 
fluid with a particular material which forms the walls of 
the passages. Recent developments have enabled the 
production of spherical shells of closely controllable 
outside diameter and great uniformity, in a wide range 
of sizes and materials (both on the outside and the inside 2o a housing 12 having an 
of the shell). The utilization of such uniform sheus to 
form passages of c l o ~ l y  defineable size and shape 
would Ad in the creation of fi ten and other multi-pas- 
sage devices. 
shell walls. This enables difficult-to-store fluids to be 
The invention described herein was made in the per- and which Can be used in the apparatus of FIG. 1. 
The creation of a flow path 
DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
FIG. 1 illustrates a filter apparatus 10 which includes 
14 that receives fluid from 
a source 15, and an outlet 16. The device is used to filter 
a fluid 17 containing particles that are to be removed 
from the fluid. The apparatus includes a multiplicity of 
spherical elements 18 which are all of the same outer 
The above-described sheus contain a fluid within the 25 diameter and which are closely nested in each other, to 
form passages 20 between the nesting spheres. The 
kept, provided that they can be dispensed in a con- 
trolled fashion when needed. The provision of a dis- 
penser which can dispense fluid from shells would have 
considerable use. 
SUMMARY OF THE INVENTION 
In accordance with one embodiment of the present 
invention, a mass is provided with numerous passages 
having smooth walls and closely controlled passage 
sizes and configurations, which can be used to pass 
fluids therethrough. The mass is formed from a multi- 
plicity of spherical elements, all of the same siie, and 
with the elements closely nested in each other. The 
nested spherical elements can be used as a sieve or filter 
which passes a fluid and particles smaller than a prede- 
termined size, but which stops particles that are larger 
than the predetermined size, with the particles being 
stopped against smooth walls. The outside surface of 
the spherical elements and the fluid that passes through 
the mass of such elements can interract, so that, for 
example, the surface of the elements can adsorb certain 
materials in the fluid or can act as a catalyst to cause 
chemical reactions in the fluid. 
In another embodiment of the invention, the spheres 
are hollow shells of solid material filled with fluid to be 
stored. The hollow spheres are packed into easily col- 
lapsable containers which can be collapsed to crush 
these spheres and release the fluid lying therewithin. A 
machine for retrieving the stored fluid can include a 
pair of jaws and means for advancing the container 
along its length between the jaws to compress the con- 
tainer and fracture the elements to release the fluid 
therein. 
The novel features of the invention are set forth with 
particularity in the appended claims. The invention will 
best be understood from the following description when 
read in connection with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a partially sectional and side elevation view 
of an apparatus constructed in accordance with the 
present invention. 
spherical elements are arranged so that-ali of the fluid 
which reaches the outlet 16 must pass through the mass 
22 that is formed of the multiplicity of spherical ele- 
3o ments of the same outside diameter and that are closely 
nested in one another. A group of distribution screens 
24 is placed near the upper end of the housing to help 
distribute the fluid. A holding screen 26 is placed in the 
lower portion of the housing to retain the spherical 
FIG. 2 illustrates the configuration of a group of 
nested spheres or spherical elements of the mass. The 
spheres are nested in two dimensions, where there are at 
least seven spheres and most are substantially in contact 
with at least three others, and at least one is substantially 
in contact with at least six others. The spheres are in 
three dimentional nesting where there are at least thir- 
teen spheres (including three spheres 18A on each side 
of the cluster of seven) so a center sphere 18B substan- 
It can be seen that the passages 20 between the nested 
elements 18 are of the same size and configuration, and 
that the passages have smooth walls, where the surfaces 
of the spheres are smooth. The passages have narrowest 
50 locations that permit the passage of a round object such 
as indicated at 28, that has a diameter that is only about 
14% of the diameter D of each of the spherical ele- 
ments. The fluid source includes particles 29 of a diame- 
ter less than particle 28, that can pass, while particles 31 
55 of a greater diameter are stopped. When used as a sieve, 
the apparatus is useful as a specialized biomedical filter 
whose smooth walls avoid damage to the small particles 
(e.g. cells) in the fluid. The smooth-walled passages also 
avoid recessed pockets of stagnation. The walls can be 
60 made very smooth where the spheres are formed by 
surface tension of molten material that cools primarily 
when suspended in a gas or a vacuum. Spheres of a 
variety of sizes ranging from about 1 milimeter to about 
20 microns diameter have been produced, which were 
65 of highly uniform sizes. This permits the filtering of 
very fine particles carried in a fluid (liquid or gaseous). 
The uniformity of size of the spheres allows for very 
accurate screening of the filtered material. 
35 elements. 
45 tially contacts twelve other spheres. 
4.846,3’30 7 -  
3 
In the apparatus of FIG. 1, the screen 26 can have 
holes only slightly smaller than the spherical elements 
but much larger than the widths of the passages be- 
tween the the spherical elements. For example, the 
holes in the screen can have a width about five times the 
diameter of the object 28, and a sectional area about 
twenty-five times greater, without passing the spherical 
elements 18. If large amounts of particles fill the intersti- 
tial passages between the spheres, the filter can be re- 
newed and the particles recovered by placing the parti- 
cles on a surface where they are spaced apart and wash- 
ing them with a liquid or gas. 
FIG. 4 illustrates another fluid passing apparatus 30 
which is designed to carry a large number of small 
particles without requiring a screen to hold them in 
place. The apparatus is especially useful where large 
area contact is desired between the surfaces of the 
spheres 32 and the fluid which passes through the pas- 
sages between these sheres. The apparatus includes a 
housing 34 having a U shape and with an entrance and 
exit 36,38. The spheres can be closely packed by drop- 
ping them into the container and by vibrating or shak- 
ing the container so that the spheres closely nest in one 
another under the force of gravity. The lower portion 
35 of the container traps the spheres while the inlet and 
outlet ends 37, 39 of the container can be removed to 
permit removal of the spheres. The spheres are free of 
bonding to each other so they can be easily removed. 
In one example, the bed 40 of spherical elements is 
used to interact with the fluid passing therethrough. 
The spherical elements are coated with palladium 
which adsorbs hydrogen. Gas 42 containing hydrogen 
is pumped through the bed of spherical elements to 
remove any hydrogen contained in the gas. As the gas 
passes through the bed of spheres, it is divided into 
numerous convoluted streams between the outside 
walls of the spheres that gently agitate the gas. The 
outside walls form a large area for contacting any hy- 
drogen in the gas to adsorb it, to assure that a very high 
percentage of the hydrogen is removed. The hydrogen 
can be desorbed by heating the elements until the hy- 
drogen is driven off. In the apparatus 30, a pump 44 
pumps the gas from a source 46 into the apparatus 30, 
while the outlet 38 is connected to further equipment 
(not shown). The source 46 can deliver a fluid which 
contains an adsorbable component and/or the fluid can 
be chemically reacted by a catalyst at the outsides of the 
spheres. 
FIG. 3 illustrates one of the elements 32 which is used 
to adsorb hydrogen. The element includes a shell 50 of 
spherical shape, which contains a fluid such as a gas 52. 
Where the surface of the sphere requires a particular 
material for interaction with the fluid passing by it, 
either the shell 50 can be made of such material or a 
coating shown at 54 can be applied around the shell. 
U.S. Pat. No. 4,425,376 shows one method for applying 
such a coating. 
The apparatus 30 in FIG. 3 can be used to produce 
chemical reactions in a fluid passing through the bed of 
spherical elements. This can be accomplished by using a 
surface area of the elements, which comprises a catalyst 
that causes a chemical reaction in the fluid passing 
across the catalyst. This is especially useful where a 
slow catalyst is required to cause the desired chemical 
reaction, and where the large area of contact between 
the fluid and the surfaces of the shells enables close 
interaction of the catalyst with the fluid. As in the case 
of the apparatus of FIG. 1, if residue accumulates in the 
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bed of elements and tends to block its passages, the 
spherical elements can be removed and washed before 
being replaced in the apparatus. If such separation is not 
required, the spherical elements can be bonded to one 
another as by sintering a mass of such elements. 
FIG. 5 and 6 illustrate an apparatus for storing and 
receiving stored material that has been stored within 
spherical shells. As can be seen in FIG. 3, a shell such as 
32 can have most of its volume occupied by a stored 
fluid 52. Thus, a difficult-to-handle material can be 
more safely stored within multiple shells. This includes 
gas under high pressures of many atmospheres. The 
apparatus of FIG. 5 permits the closely-controlled re- 
lease of the stored material. 
The apparatus includes storage containers 60 formed 
of flexible material such as a vinyl sheet material, that 
are compressable along their width dimension W. The 
containers are elongated, with a length L greater than 
their width W, and are successively connected at their 
ends by ties 61. A multiplicity of storage elements 62 has 
a largely spherical shell 64 of an easily fractured mate- 
rial such as glass or a rigid plastic, that surrounds a 
stored fluid 66. An apparatus 68 for retrieving the 
stored fluids, includes squeezing and advancing means 
69 that comprises a pair of jaws 70, 72 in the form of 
rollers that are closely spaced, and a motor 74 for turn- 
ing the roller jaws to advance the container along its 
length between the jaws to compress the container and 
fracture the elements. When the shell of an element is 
fractured as at 64A, the fluid therein is immediately 
released. The fluid can pass out of the container through 
small holes 76 therein and out through an outlet 78. The 
jaws can be slightly separated where all the elements 
are of the same diameter. As shown in FIG. 6, the jaws 
can be separated by more than the thickness of the 
container walls. A difficult-to-handle fluid such as hy- 
drogen gas or a volatile liquid hydrocarbon, can be 
stored at a high pressure within the spherical shells 64, 
and whatever amount is needed is easily retrieved. The 
storage elements can be closely nested as a relatively 
compact mass within the container so that most of the 
container volume is filled with the fluid. In one exam- 
ple, storage elements, each of a diameter of one milime- 
ter and a wall thickness of 0.02 milimeteres, store meth- 
ane under a pressure of ten atmospheres. 
Thus, the invention provides systems for utilizing 
closely nested spherical elements to form uniquely use- 
ful masses of such elements. In one apparatus, the nested 
spherical elements lie in a container having an inlet and 
outlet. The mass of elements can serve as a sieve or filter 
with smooth wall passages for passing only particles 
that are below a certain size. The mass of elements can 
have surface areas that interact with the fluid passing 
therethrough, as by adsorbing or desorbing certain con- 
stituents or acting as a catalyst for chemical reactions 
between components of the fluid. The large areas of the 
convoluted passages, which can be very great where 
very small spherical elements are used, provides a large 
area of contact between the surfaces of the elements and 
the fluid. The largely spherical elements can be filled 
with a hard-to-store material, and the shells can be 
crushed to release the stored fluid. 
Although particular embodiments of the invention 
have been described and illustrated herein, it is recog- 
nized that modifications and variations may readily 
occur to those skilled in the art. Consequently, it is 
intended that the claims be interpreted to cover such 
modifications and variations. 
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What is claimed is: 
1. Apparatus for storing and releasing fluid compris- 
an elongated container having a width and length, 
and which is easily compressed along its width 
dimension: 
a multiplicity of storage elements, each having a 
largely spherical shell which is fracturable and a 
fluid contained within the shell, said elements lying 
nested in one another within said container; 
squeezing and advancing means which includes a pair 
of jaws and means for progressively advancing said 
container along its length between said jaws to 
compress the container and fracture elements in 
said container which lie between said jaws, to re- 
lease said fluid therein. 
2. Apparatus for storing and releasing fluid compris- 
a container having a width dimension. said container 
ing: 
ing: 
6 
an elongated container having a width and length, 
and which is easily compressed along its width 
dimension: 
a multiplicity of storage elements, each having a 
largely spherical shell which is fracturable and a 
fluid contained within the shell, said elements lying 
nested in one another within said container; 
squeezing and advancing means which includes a pair 
of jaws and means for progressively advancing said 
container along its length between said jaws to 
compress the container and fracture elements in 
said container which lie between said jaws, to re- 
lease said fluid therein; 
said container includes a pair of walls, at least one of 
which is flexible, and which are pressed toward 
each other by said jaws; and 
said squeezing and advancing means includes means 
for holding said jaws a distance apart which is 
=eater than the thickness of said Dair of walls. 
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having a pair if flexible 
compressible along its width dimension by flexing 
said walls toward each other; 
a multiplicity of storage elements within said con- 
tainer each element including a fracturable shell 25 
containing a fluid to be stored; and 
means for compressing said container along its width 
to fracture said elements and release said fluid, 
width of said container when it contains said stor- 3o 
age elements but by more than the thickness of said 
flexible walls, and means for rotating said rollers to 
and fracture said shells in the container. 
a d  being easily 20 whereby to permit release fluid to move between the jaws. 
5. The apparatus described in claim 4 wherein: 
said container walls include a plurality of holes 
spaced along the length of the container and that 
are each smaller than said shells and through which 
said fluid can flow out as said shells are fractured. 
6. A method for storing and retrieving a fluid, com- 
prising: 
including a pair Of separated by less than the forming a multiplicity of shells of a shell material 
which is solid and rigid at temperature, and 
which are each filled with at least one material to 
be stored which is fluid in the shells; 
mensions and which is compressible along said 
width dimension, with said fluid-filled shells; 
feeding said container in a predetermined forward 
direction along its length between a pair of rollers 
while rotating said rollers and establishing them at 
a separation which is narrow enough to fracture 
the shells which lie in each portion of said con- 
tainer as the portion moves between said rollers; 
and 
emptying said fluid from said container at a location 
7. The method described in claim 6 wherein: 
said container has a plurality of holes spaced along its 
length, and said step of emptying includes passing 
said fluid out through said holes from fractured 
shells as said shells are fractured. 
move said container progressively between them filling a container, which has width and length di- 
3. A method for storing and retrieving a fluid, com- 35 
forming a multiplicity of shells of a shell material 
which is solid and rigid at room temperature, and 
which are each tilled with at least one material to 
be stored which is fluid in the shells; 
filling a container, which has width and length di- 
mensions and which is compressible along said 
width dimension, with said fluid-filled shells; and 
length between jaws while establishing said jaws at 45 
a separation which is narrow enough to fracture 
the shells which lie in each portion of said con- 
tainer as the portion moves between said jaws. 
4. Apparatus for storing and releasing fluid compris- 
ing: 50 
prising: 
40 
advancing said container progressively along its forward of said rollers. 
* * * * *  
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